. The detailed condition used in the synthesis of Si NPs of various sizes. (mean±S.D., n=20)
Size (nm)
Triton-X 1-Hexanol Ammonia 42.0 ± 2.6 1.88 g 1.6 mL 100 μL 59.3 ± 3.9 1.88 g 1.6 mL 75 μL 82.0 ± 12.3 2.4 g 1.8 mL 100 μL 103.0 ± 12.0 1.88 g 1.6 mL 60 μL Figure S2 ) (d) UV-Vis extinction spectra (normalized) of the AgNSs of (a) − (c).
Optimization of fabrication processes for non-aggregated AgNSs in various sizes
To address the aggregation problem in the fabrication processes, the reaction condition was modified by using different alkylamines instead of octylamine, and varying the amounts of AgNO 3 , PVP, and the silica core. First, the amount of Si NP was reduced, which decreased the reacting surface for avoiding aggregation of Si NPs, and also increased the relative amount of precursor (Ag + ) for complete formation of silver nanoshells. While the reduced amount of Si NP from 2 mg to 0.5 mg led to successful fabrication of AgNS; however, using less than 0.5 mg amount of Si NP resulted in the thick layer of silver shell. Because an excessive amount of AgNO 3 compared to Si NP causes for Ag NPs to overgrow on the surface of Si NP, the final size was much larger than the size of the core (the shell was too thick). Consequently, when we used less than 0.5 mg, using 40-nm sized Si NP core would be meaningless. Second, AgNO 3 was used with the same amount as the condition using 170-nm Si NP. We tried to use less than a 30-mg amount of AgNO 3 to prevent the emergence of excessive amounts of Ag NPs in solution, but the formation of the silver nanoshell was incomplete. Third, the amount of PVP as a dispersing agent was increased from 5 mg to 10 mg to prevent aggregation and to fabricate homogeneous AgNSs. Fabricated AgNSs appeared similar, irrespective of whether 10 mg or more of PVP was used in the process. Last, the kind of reducing agent was changed from octylamine to ethanolamine. The hydroxyl group of ethanolamine is an electron-withdrawing group, and consequently, the amine group of ethanolamine serves as a weaker electron-donating group to silver ion because of the inductive effect of the hydroxyl group. The size of AgNP assembled on the silica core was smaller when using ethanolamine compared to using octylamine, because Ag + cannot be efficiently reduced to Ag 0 with ethanolamine. 1 More homogeneous shell formation was induced by changing the kind of reducing agent. The red circle indicates the incomplete shell of the particles. Because of the small size, AgNS (I) has relatively unstable structure compared to the other sized particles.
